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Abstract
A high growth rate for Arcto-Norwegian cod (Gadus  morhua L.) in the Barents Sea and
adjacent areas from the larval stage to the O-group stage enhances survival and ultimately
recruitment to the fishery. However, it appears that relatively high growth rates for a
cohort through the O-group stage are not continued as the cohort ages. Based on survey
data, there is a negative, though not significant, correlation between a cohort’s average
length at the O-group stage and its average length as 1 year olds and a significant negative
correlation between the average length at the O-group stage and its average length at ages
2 through 9. It appears that the reason for this slowing of growth is that a strong inflow of
warm, prey-rich Atlantic water into the Barents Sea from the Norwegian Sea provides
favorable conditions for growth a”nl’d  hence survival of the cod larvae and juveniles. But
this same strong inflow cakes  a proportion of the cohort farther to the east in the Barents
Sea, where the bottom water is colder than in the west. Thus the young settled cod
experience colder conditions, which slows their growth, than those cohorts that have a
more westerly settlement, and this slow growth before age 2 appears to be the reason for
the cohort’s relatively smaller mean length at older ages.
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introduction
Arcto-Norwegian cod (Gadus morhua  L.) spawn along a 1200 km coastline from mid-
Norway to north Norway. The main spawning areas are in Vestfjorden and on the
continental shelf outside Lofoten and Vest&den between 67” 30’ N and 69”  N.
Approximately 70 percent of the spawning takes place in this region (Sundby and
Bratland, 1987). The time of spawning is remarkably consistent from year to year.
Spawning starts in early March, reaches maximum intensity during the first weeks of
April and terminates by the first half of May (Ellertsen et al., 1987, 1989). The eggs,
larvae and early juveniles drift north and northeastward carried by the Norwegian Coastal
Current and the Atlantic Current (Ellertsen et al., 198 1, Bergstad  et al., 1987).
In late August and September the juvenile cod have drifted for 4 to 5 months and their
distribution extends from the coast of Spitsbergen to the central and eastern Barents Sea.
The spatial extent of the distribution depends on the strength of the easterly and northerly
currents (Muchina  et al., 1987). In particular, fur years when there is a strong inflow of
Atlantic water into the Barents Sea, the spatial distribution of the juveniles will be more
to the east than in years without strong inflows. A strong inflow of Atlantic water will
also provide the juvenile cod with a relatively warm environment, and temperature is
often understood to be the most important factor influencing the growth and abundance
of young cod (Satersdal and Loeng, 1987; Campana and Hurley, 1989; Ellertsen et al.,
1989; Pedersen and Jobling, 1989; Sundby ef al., 1989; Suthers and Sundby, 1993;
Brander, 1994).
Thus the yearly current patt&s determine the temperature experienced by rhe  drifting
juveniles and their spatial distribution. For example, Fig. 1 shows the distribution and_ _
relative abundance of O-group cod for a cold year, caused by a weak inflow, and a warm
year when the inflow was strong. In 1987 the average temperature for August and
September in the Kola transect (Fi,.0 2) between 0 and 200 m was 4.0°C,  abundance was
low, the average length of the Oz.group  cod was 5.52 cm and the spatial distribution was
centered in the west (ICES, 1987). The opposite was observed in 1995, which was a
warm year. The average temperature in the Kola transect was 5.6’C,  abundance was high,
the average length was 9.00 cm and the center of the distribution was more easterly
(ICES, 1996a).
In this paper we examined the relation between the temperature in the Barents Sea and
the average length at the O-group stage and whether a high growth rate through the O-
group stage continues as the cohort ages. Unexpectedly, it was found that the average
length of a cohort at the O-group stage was negatively correlated with its average length
at ages 1 through 9. It is concluded that the likely cause for this slowing of growth after
settlement to the bottom was that the inflow of Atlantic water that provided the juveniles
with a good environment for growth and survival carried many of them to less favorable
areas for growth after settlement.
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Figure 1. Distribution of O-group cod in I987 and 1995 (adapted from ICES, 1987 and ICES, 1996a).
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Figure 2.  The general areas covered by the International O-group survey and the winter bottom trawl
survey.  The straight  l ine denotes the location of the Kola  transect .
Materials and methods
Estimates of a cod cohort’s relative abundance and its mean length at the O-group stage
were generated by the yearly International O-group Survey, which began in 1965 and is
conducted in late August through early September. The objectives of this survey are to
determine the spatial distribution and to estimate abundance indices for commercially
important species in the Barents Sea during their pelagic stage. The survey procedure is
described in Anonymous (1983). The estimates of mean (total) length of the O-group cod
juveniles used in this paper are from the International O-group Reports (see for example
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ICES, 1996b) and the indices of relative abundance are from Nakken and Raknes (1996)
and ICES (2000). The methods used for calculating the index of abundance are described
in Haug and Nakken (1977) and Randa (1982,1984).
The estimates of a cohort’s mean length at ages 1 through 9 are based on data from the
Institute of Marine Research winter bottom trawl surveys in the Barents Sea. These
surveys started in 1981 and are conducted yearly from January to March. For a detailed
description of the survey and its history, see Jakobsen et al. (1997) and ICES (2000). The
estimates of the mean length used in this paper are taken from ICES (2000).
Estimates of the mean water temperature from 0 - 200 m in August and September along
the Kola  transect were used as an indicator of the temperature regime experienced by a
cohort at the O-group stage. The Kola  transect is at 33”30’E  and extends from 70”30’  to
72”30’N  (see Fig. I). The temperature estimates are taken from Tereshchenko (1996) and
ICES ( 199@).
Standard regression techniques were used to relate the variables of interest (see, e.g.,
Draper and Smith, 1981).
Results
The estimated mean length of a cod cohort at the O-group stage in late August to early
September was positively correlated (r = 0.73, p = 0.0003) with the average temperature
from the surface to a depth of 200m along the Kola transect in August and September
during the period 1974 through 1998 (Fig. 3). The cohort’s relative abundance at O-group
stage was also positively correlated- with average length during this same period (r 7 0.66,
p = 0.0003).
In Table 1 are the estimated correlations between the average length attained by a cohort
at the O-group stage and their subsequent estimated average length, based on the 1981 to
1998 winter surveys in the Barents Sea, at ages 1 to 9. The correlation was negative but
not significant at age 1 and significantly negative for ages 2 through 9 (Table 1, Fig. 4).
Table 1.  Estimated correlation, r. and i ts  probabili ty level,  p,  between a cohort’s average length at  the O-
group stage and i ts  subsequent average length at  ages 1 through 9.
Age 1 2 3 4 5 6 7 8 9
r -0.32 -0.66 -0.60 -0.71 -0.76 -0.64 -0.58 -0.53 -0.63
P (0.2) (0.00) (0.00) (0.00) (0.00) @.W (0.01) (0.02) (0.02)
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Figure  3. Average length of O-group cod versus average temperature in the Kola section between 0 and
200m during August and September for the period 1974 through 1998. The straight line denotes the
regression line (y= 1.53+  1.21x. r’=53%).
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Figure 4. Average length of a cohort at ages 1 to 9 years versus its average length at the O-group stage.
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Discussion
Temperature is one of the most important factors influencing the growth and survival of
young cod (Sretersdal  and Loeng, 1987; Campana and Hurley, 1989, Ellertsen et al.,
1 1989, Suthers and Sundby, 1993; Brander, 1994; Nakken, 1994; Sundby, 2000). The
water temperature in the Barents Sea is closely related to the amount of inflow of
relatively warm Atlantic water (Adlandsvik and Loeng, 1991). This inflow is sporadic
and variable because changing atmospheric conditions over the North Atlantic affect the
wind patterns and hence modify the current system (Loeng et al., 1997). During periods
when there is a strong inflow of water into the Barents Sea, the developing larvae and
juveniles experience relatively warm temperatures.
A strong inflow of Atlantic water not only warms the Barents Sea but also transports
large quantities of prey from the Norwegian Sea into the Barents Sea (Ozhigin and
Ushakov. 1985; Nesterova, 1990; Helle and Pennington, 1999: Helle 2000a). The
resulting increase in zooplankton abundance in the Barents Sea during periods of large
inflows appears to enhance the growth rates of early juvenile cod (Helle and Pennington,
1999; Helle, 2000b).
The strength and timing of the inflow determines how far east the distribution of the cod
larvae and juveniles extends (Helle and Pennington, 1999). Right before settling to the
bottom in September through November, the O-group cod reach their maximum spatial
extension (Sundby et al., 1989). The time of settlement. which varies from year to year
and by location. depends on plankton settlement and the cooling of the surface water
layers (N. A. Yaragina, PINRO, Murmansk, Russia. pers. comm.).  The bottom
temperatures that the juveniles with an easterly settlement experience are considerably
colder than those for juveniles who settle in the west. Michalsen er al. (1998) observed
that the bottom temperature decreased from west to east by about 5-6 “C regardless of
whether it is a cold or a warm year. Thus the strong inflow that provided the larvvae and
juveniles with conditions favorablefor  growth also transported a large number of them to
areas where after settlement, lower bottom temperatures would tend to impede growth.
Cod juveniles generally remain in the area where they settled (Maslow,  1944, 1960;
Baraenkova, 1957) and young cod up to age 2 undergo little or no seasonal migrations
(Ottersen et al., 1998: Anderson and Gregory, 2000). Based on laboratory experiments,
Jobling (1988) observed that the growth rate of cod decreased about 8-  10% for each “C
decrease in temperature. Hence the lack of correlation at age one and the negative
correlation at age 2 between a cohort’s average length as juveniles and its average length
at ages 1 and 2, respectively, may be caused by east-west differences in temperature
regimes. Jorgensen (1992) found that the growth trajectories for cohorts of Arcto-
Norwegian cod are approximately linear and parallel from age 2 to age 8, which implies,
as Jorgensen points out, that a cohort that grows more slowly until age 2 will attain a
lower average length as adults than a cohort that grew more quickly before age 2.
Since the abundance of O-group cod is positively correlated with its average length
(Ottersen, 1996; Ottersen  and Loeng, 2000),  an alternate hypothesis for the negative
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correlation between a cohort’s average length at the O-group stage and its average length
at older ages may be density-dependent growth after settlement. Jorgensen (1992) was
not able detect (or reject) density-dependent growth for ages 1 through 8 Arcto-
Norwegian cod. Therefore, unless density affects growth during the short period between
settlement and age one, the likely reason for the slowing of growth after settlement by a
cohort consisting of large, on average, juveniles is the relatively cold temperatures that
many in the cohort experience after settling in the eastern Barents Sea.
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